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photometric  measurement  of  TARCET-BACKOROITND  CONTRAST 


INTRODUCTION 


Th«  Army  has  long  been  aware  of  the  critical  laportance  of  surveil¬ 
lance  activity  In  tBaxlnlclng  battlefield  effectiveness.  As  a  conseouence , 
considerable  effort  has  been  directed  toward  developing  a  wide  variety 
of  surveillance  systems.  Surveillance  system  effectiveness  Is  not  slmnlv 
a  function  of  hardware  component  characteristics,  but  rather  depends  heavily 
on  the  performance  of  the  human  component.  Thus,  determination  of  human 
performance  characteristics  Is  necessary  to  adequately  evaluate  overall 
svstems  performance  levels  as  well  as  to  Identify  causal  factors  which 
contribute  to  auboptlmal  performance. 


The  Army  Research  Institute  for  the  Behavioral  and  Social  Sciences 
(ARI)  has  traditionally  had  a  considerable  Interest  In  the  evaluation  of 
surveillance  systems  performance  and  has  been  particularly  concerned  with 
the  performance  of  the  human  component  under  realistic  operational  condi¬ 
tions.  In  all  surveillance  systems  the  human  component  receives  Informa¬ 
tion  about  the  tactical  environment  in  either  visual  or  auditory  form, 
and  most  systems  rely  heavily  on  the  observer's  visual  processes.  For 
this  reason  the  Army  has  recently  been  concerned  with  Identifying  and 
quantifying  malor  variables  affecting  visual  target  detection  performance 
of  observers  directly  viewing  a  tactical  scene  (or  remotely  viewing  a 
scene  via  a  display) Ef fects  of  several  major  variables  have  been 
Investigated  (Including  observer-target  range,  sun-target-observer  angle, 
angular  target  velocity,  background  conrlexity,  and  ambient  illumination 
level)  and  some  quantitative  relations  have  been  established. 


In  cases  where  such  relations  have  been  established,  data  can  be 
provided  for  computer  simulation  models  of  visual  target  acquisition 
processes.  Because  the  usefulness  of  computer  models  depends  heavily 
on  the  completeness  and  accuracy  of  the  parameters  and  weights  employed, 
quantification  of  detection-related  yarlables  can  contribute  substantially 
to  the  Army's  ability  to  predict  accurately  the  combat  effectiveness  of 
surveillance  activities. 


One  variable  currently  thought  to  play  a  central  role  in  visual  target 
acquisition  processes  Is  target-background  brightness  contrast.  While 
various  contrast  effects  have  been  explored  In  considerable  detail  in 
laboratory  settings,  few  attempts  have  been  made  to  evaluate  the  Impact 
of  brightness  contrast  on  target  acquisition  In  realistic  tactical  situa¬ 
tions.  Before  this  can  be  done,  however,  it  Is  necessary  to  develop  a 
system  which  yields  valid  and  stable  contrast  measures  In  field  contexts. 
Since  the  perception  of  target-background  contrast  Is  not  determined  solely 
by  luminance  differences  between  target  and  background.  It  Is  necessary  to 


examine  ocher  factors  which  complexly  determine  perceived  contrast.  The 
purpose  of  this  memorandum  Is  to  suRpest  some  factors  which  mav  plav  Innor- 
tant  roles  In  the  perception  and  estimation  of  tarRet-hackground  contrast 
and  to  present  some  preliminary  data  concernlnR  contrast  measurement  uslns 
telephotometers. 


FACTORS  INFLCESCISC  PERCFIVFT)  COyrTRAST 
LirMINAMCE  VS.  BRICHTNFSS  CONTRAST 

It  Is  Important  to  distinguish  between  "luminance  contrast"  and 
"brlghtneas  contrast."  The  former  term  Is  used  here  to  describe  the  degree 
to  which  two  adlacent  regions  of  the  retina  are  differently  Illuminated; 
brightness  contrast,  on  the  other  hand,  represents  the  sublectlve  dimension 
of  luminance  contrast  and  describes  the  perceived,  or  apparent,  contrast. 
While  luminance  can  be  oblcctlvely  measured  using  various  Instrumentation 
systems,  brightness  must  be  determined  via  sublectlve  tudcments  of  luminance 
magnitudes.  Although  brightness  contrast  is  more  relevant  to  the  target 
detection  problem  than  luminance  contrast,  the  former  Is  an  elusive  phenom¬ 
enon  and  difficult  to  measure.  It  has  been  suggested,  therefore,  that 
luminance  contrast  be  employed  as  an  Index  of  brightness  contrast. 

This  approach  has  two  malor  potential  advantages:  (1)  measurements 
can  be  made  via  currently  available  Instrumentation  systems;  (2)  luminances 
can  be  determined  objectively  (and  thus,  presumablev,  are  precise  and 
reliable — a  point  to  be  discussed  below)  obviating  time-consuming,  expensive, 
and  complex  subjective-response  evaluation  procedures. 

Unfortunately,  there  are  also  drawbacks:  brightness  Is  determined  bv 
factors  other  than  absolute  luminance  values.  Including  overall  ambient 
Illumination  level,  glare,  angular  target  size,  and  retinal  location  of  the 
target  Image.  Moreover,  target  and  background  brightnesses  are  partially 
determined  by  their  spectral  composition.  That  Is,  light  of  different  wave 
lengths  and  eoual  Intensity  will  arpear  to  dlffor  In  brightness.  These 
factors  which  mav  lead  to  differences  between  luminance  and  brightness 
contrasts  are  discussed  below. 


AMBIEirr  ILLUMINATION 

The  overall  level  of  Illumination  la  a  critical  determinant  of  bright¬ 
ness  contrast.  Under  most  circumstances,  target  and  hackgrotind  reflectances 
are  constant  under  varying  illunlnatlon  conditions.  Thus,  the  target- 
background  luminance  ratio  (luminance  contrast),  AL/L,  will  be  Invariant 
regardless  of  Illumination  level.  Brightness  contrast,  on  the  other  hand, 
under  low  illumination  Is  a  direct  function  of  Illumination  level.  It  la 
a  common  experience  when  reading  In  the  evening  to  switch  on  a  light  when 
the  brightness  contrast  between  the  print  and  page  is  sufficiently  reduced 
to  make  reading  difficult. 
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In  Keneral,  brightness  discrimination  thresholds  decrease  with  Increas¬ 
ing  retinal  illunlnatlon  levels.  That  Is,  considering  onlv  low  to  moderate 
levels,  the  greater  the  ambient  Illumination,  the  smaller  the  magnitude  of 
minimum  perceptible  differences  In  luminance  between  stimuli.  Jameson  and 
Hurvlch  have  found  a  similar  relation  between  brightness  contrast  at  higher 
Illumination  levels:  brightness  contrast  Increases  with  Increasing  Illumi¬ 
nation.  There  la  little  doubt  that  uncorrected  luminance  contrast  does 
not  accurately  reflect  brightness  contrast  at  low  Illumination  levels. 
Luminance  contrast  data  may  be  mathematlcallv  corrected,  however,  to  be 
more  representative  of  brightness  contrast  under  these  conditions.  This 
procedure  Is  a  prerequisite  for  accurately  estimating  the  Influence  of 
target-background  brightness  contrast  on  visual  target  detection  during 
dawn  and  dusk  Illumination  periods. 


CLARE 


tinder  conditions  of  high  ambient  Illumination  another  factor  which 
affects  brightness  contrast  but  not  luminance  contrast  becomes  Important. 

Clare  has  long  been  recognized  as  a  malor  determinant  of  brightness  contrast.' 
The  term  "glare"  Is  used  here  In  a  broad  sense  Including  the  effects  of 
anv  strong  source  of  Illumination  (other  than  the  target)  and  refractive 
atmospheric  effects.  It  Is  not  surprising  that  the  closer  the  glare  source 
to  the  target  or  the  more  Intense  the  source,  the  poorer  will  be  the  discrim¬ 
ination  between  luminances  (the  lower  will  be  the  brightness  contrast).  The 
Importance  of  glare  effects  Is  easily  appreciated  bv  considering  a  detection 
problem  In  which  targets  are  presented  within  a  few  degrees  of  the  setting 
sun.  Under  this  condition  brightness  contrast  would  probably  deviate 
substantially  from  luminance  contrast.  The  potential  sources  of  glare 
are  numerous  and  Include  bright  portions  of  the  terrain,  sun,  hazv 
atmospheric  conditions,  and  under  some  circumstances,  artificial  Illumination. 
Clearly,  the  analysis  of  glare  effects  In  field  contexts  Is  a  complex  affair 
since  there  are  many  potential  tvpes  of  glare  sources,  several  of  which  may 
be  present  In  different  magnitudes,  at  different  angular  distances  from  the 
target.  In  a  glyen  situation.  Ihider  even  moderate  glare  conditions,  it  la 
likely  that  luminance  contrast  would  not  be  an  accurate  Index  of  brightness 
contrast . 


Jameson,  D.  and  Hurvlch,  L.  M.  Complexities  of  perceived  brightness. 
Science.  1961,  133,  174-179. 

Hclneman,  E.  G.  Simultaneous  brightness  Induction.  In  Jameson,  I),  and 
Hurvlch,  L.  M.  (Eds.),  Handbook  of  Sensory  Physiology  VII /pt. 4:  Visual 
Psychophysics.  New  York:  Sprlnger-Verlag,  1972. 
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ANcn-AR  TARCFT  SIZE 


AnRular  tarxet  alze  alao  haa  an  effect  on  brlKhtnesa  contrast.  Under 
a  vartetv  of  conditions  the  visual  svstem  has  Its  peak  sensitivity  at 
Intermediate  spatial  frequencies  (anKuIar  sizes  of  lleht-dark  alternation) 
of  ahout  5  cycles /dearae  with  decreased  sensitivity  at  either  higher  or 
lower  frequencies.*-*  Sensitivity  to  brightness  differences  declines  more 
gradually  at  low  snatlal  frequencies  than  at  high  freouencles,  where  contrast 
factors  Interact  heavily  with  visual  acuity.  Assuming  that  sensitivity  to 
brightness  contrast  begins  to  fall  off  ranldlv  at  ahout  0.2  cvcle/mlnute  ol 
arc,  and  that  a  target  la  ahout  35  cm  wide,  brightness  contrast  should 
decrease  sharply  at  ranges  greater  than  425  meters  even  though  luminance 
contrast  would  remain  unaffected  by  angular  target  size.  This  effect  prohahlv 
becomes  practically  Important  when  targets  subtend  less  than  ahout  2  minutes 
of  arc  at  the  observer's  position.  That  Is,  a  target  less  than  35  cm  In 
size  presented  at  hOO  meters  will  appear  to  have  substantially  less  contrast 
than  will  he  Indicated  bv  the  luminance  contrast  Index.  Thus,  luminance 
Indices  should  he  corrected  to  compensate  for  this  effect  when  targets  of 
small  angular  size  are  employed. 


RET  PUL  LOTATION  OF  TARGET  PUGE 

While  the  target  Image  will  be  foveallv  prolected  (l.e.,  prolected 
on  dense  central  part  of  the  retina)  during  recognition.  Identification, 
and  location  phases  of  the  target  acquisition  process,  the  Image  will  often 
he  prolected  on  the  retinal  periphery  during  the  first  Instant  of  detection. 
Because  of  this,  peripheral  rather  than  foveal  brightness  contrast  mav  he 
closely  related  to  the  probability  of  target  detection.  The  sensitivity 
to  brightness  difference  for  tergets  of  smell  to  moderete  angular  size  Is 
a  function  of  visual  acultv,  which  Is  considerably  poorer  In  the  periphery 
that  the  fovea  due  to  the  relatively  low  density  of  peripheral  retinal 
receptors.*-*  Thus,  for  targets  subtending  small  to  moderate  visual  arcs, 
peripheral  brightness  contrast  Is  substantially  lower  than  foveal  contrast, 
and  only  remotely  related  to  luminance  contrast.  In  addition.  It  should  be 
noted  that  peripheral  and  foveal  brightness  contrast  perceptions  Interact 
differentially  with  Illumination  level,  since  peripheral  receptors  are  more 


'  Gamphell,  F.  U.  and  Guhlsh,  R.  W.  Optical  quality  of  the  human  eve. 
Journal  of  Physiology  (London),  l‘>56,  iRb,  55R-57R. 

*  Shade,  0.  H.  Optical  and  photoelectric  analog  of  the  eye.  Journal  of 

the  Optical  Society  of  America.  1956,  721-739. 

*  Osterbarg,  G.  H.  Topography  of  the  layer  of  rods  and  cones  In  the  htiman 
retina.  Acta  Opthalmology,  Supplement  IV,  1935. 

*  Jones,  L.  A.  and  Higgins,  G.  C.  Photographer  granularity  and  gralnlness, 
III.  Soma  characteristics  of  the  visual  system  of  Importance  In  the 
evaluation  of  gralnlness  and  granularity.  Journal  of  the  Optical  Society 
of  America,  1947,  37^,  217-263. 
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photoaatera  ahowod  soma  promise  In  this  regard  as  these  Instruments  are 
connonly  used  In  laboratory  situations  to  measure  luminance  characteristics 
of  stimuli.  Moreover,  photometers  yield  timely,  on-line  measures  of 
luminance  while  the  other  methods  do  not.  Whether  or  not  photometers  could 
be  used  effectively  In  a  field  situation  Is  s  question  which  has  not 
prevlouelv  been  adequatelv  explored.  In  order  to  evaluate  the  degree  to 
which  luminance  contrast  approximates  brightness  contrast  and  to  assess 
measurement  reliability,  a  measurement  svstem  employing  telephotometers 
was  tested  by  the  U.S.  Army  Combat  Developments  Experimentation  Command 
(USACDEC)*  and  ARI.  The  goal  of  these  exploratorv  tests  was  to  provide 
"beet  case"  date  on  the  measurement  system  In  a  realistic  field  situation. 
To  this  end,  only  newly  laboretorv-cellbrated  photometers  were  used, 
performance  of  device  operators  was  closely  monitored,  end  onlv  very 
high  end  very  low  terget-beckgroun'*  brightness  contrast  situations 
were  used. 


METHOD 

Instrumentation.  Three  Cemma  Model  2000  teiephotometers'*  with 
support  equipment  were  set  up  on  a  test  site,  so  that  photometers  were 
as  close  to  one  another  an  possible.  These  Instruments  were  capable  of 
measuring  luminances  of  areas  of  the  following  angular  diameters;  2',  6', 
20',  1*,  and  T. 

Two  photometer  operators  were  assigned  to  each  Instrument.  One 
operator  was  primarily  responsible  for  aiming  the  Instrument,  the  other 
for  reading  the  luminance  values  indicated  hv  the  meter,  making  appropri¬ 
ate  scale  adlustments,  and  calibrating  the  Instrument. 

Design  and  Procedures.  Tests  were  designed  to  alternately  maxlmlte 
and  minimize  sublectlvelv  ludged  target-background  contrast.  Two  mllltarv 
officers  end  one  civilian  scientist  agreed  upon  one  high  and  one  low 
contrast  target  location  at  a  near  range  (approximately  200  meters),  and 
at  a  mld-renge  (approximately  700  meters),  both  low -contrast  personnel 


*  rSACDEC  had  been  tasked  to  provide  date  on  the  effects  of  apparent  target- 
background  contrast  on  target  detection  as  a  portion  of  the  Armv  Smell 
Arms  Requirements  Study  (ASARS) .  ARI  provided  scientific  support  for 
ASARS  II,  Phase  II,  and  because  of  a  long-standing  interest  In  target 
acquisition  processes,  became  heavily  Involved  In  the  evaluation  of 
photometric  indices  of  brightness  contrast.  (See;  Army  Smell  Arras 
Requirement  Study  II,  Experiment  FC008A,  Final  Report,  Phase  II,  D.S.  Army 
Combat  Developments  Experimentation  Commend,  Fort  Ord,  California  <>T*>41, 
February  1975.) 

'*  Connarcial  deslgnatlona  ere  ueed  only  for  precision  in  describing  the 
teste.  Ooe  does  not  constitute  endorsement  by  the  Armv  or  by  the  ITS 
Army  Research  Institute  for  the  Behavioral  and  .Social  Sciences. 
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targets  were  placed  against  backgrounds  of  verv  dense  vegetation  so  that 
target  and  background  had  slwilar  brightness.  Conversely,  hlgh>cor.trasr 
personnel  targets  were  olaced  In  open  fields  such  that  target  and  back¬ 
ground  brightness  were  as  different  as  possible.  Thus,  two  "Ideal"  con¬ 
trast  situations  (one  high  and  one  low)  were  established  at  each  of  two 
ranges.  Target  personnel  were  placed  at  similar  distances  from  the 
observation  post  at  each  range.  Sear-range  tests  were  performed  in  the 
morning  hours  (0900-1200)  and  mid-range  tests  during  the  afternoon  (1100- 
1500). 

Target  personnel  were  Initially  positioned  In  the  near  range,  high 
contrast  location  directly  facing  the  observation  post  and  were  directed 
to  stand  at  attention  until  the  completion  of  a  measurement.  Photometer 
operators  then  aimed  their  Instruments  at  the  target's  mid-chest  using 
a  2'  aperture  and  Indicated  when  they  had  the  target  properly  sighted. 

After  all  three  operators  Indicated  they  were  ready,  the  command  "mark" 
was  given  and  the  second  operator  recorded  the  luminance  value.  Following 
the  measurements  of  target  luminance,  operators  switched  to  a  1*  aoerture 
and,  using  the  same  aiming  point,  measured  the  background  luminance  using 
the  same  procedure.  Thus,  luminances  from  all  three  photometers  were 
recorded  simultaneously. 

The  target  then  moved  to  the  low-contrast  location  and  stood 
at  attention.  Photometer  operators  repeated  the  procedures  outlined 
above.  Throughout  the  tenting,  targets  alternated  between  high  and  low 
contrast  situations.  Because  the  target  changed  positions  following  each 
target-background  pair  of  measurements.  It  was  necessary  for  the  photometer 
operators  to  re-alm  their  Instruments  for  each  pair  of  measurements.  Thus, 
the  test  wes  sensitive  to  telephotometer-elmlng-crror  varlabllltv  as  well 
as  error  due  to  Instrument  Instability,  target  and  background  (vegetation) 
movement,  meter  reading  error,  and  various  complex  Interactions  of  these 
factors , 

Following  completion  of  the  test  at  the  near  range,  tests  were 
conducted  at  the  mid-range  using  the  same  procedures  except  that  a  smaller 
aperture  (20*)  was  used  for  measurement  of  background  luminance  In  order 
to  exclude  extraneous  background  and  foreground  material. 

Photometers  were  recalibrated  (Internal  calibration)  at  Intervals 
no  longer  than  10  minutes. 


RKSOLTS  A.ST)  DISCUSSION 

Twenty-seven  low-  and  27  hlgh-contrast  pairs  of  measurements  were 
made  In  the  near  range,  and  24  low-  and  24  hlgh-contrast  pairs  In  the 
mid-range.  (The  smaller  number  of  measurements  at  the  mid-range  was 
due  to  a  malfunction  of  one  telephotoraeter . )  The  target-background 


luminance  contrast  was  calculated  from  the  measured  target  and  background 
luminances  using  the  formula: 


where  L 

1 


C 


L 


L 


1 


the  larger  luminance  value 


^2  *  smaller  luminance  value 


■■  the  target-background  luminance  contrast. 

Thus,  indices  could  theoretically  range  from  0  (low  contrast)  to  1 
(high  contrast). 

Figure  1  shows  frequency  distributions  of  contrast  indices  based 
on  target  and  background  luminance  measurements  at  the  near  range. 
Distributions  of  contrast  Indices  for  extreme  high  and  low  contrast 
targets  are  clearly  distinguishable.  All  low  brightness  contrsst  targsts 
yielded  contrast  indices  below  0.35  (x  -  .18);  all  but  three  high  brightness 
contrast  Indices  fell  higher  than  0.35  (x  ••  .48).  These  data  indicate  that 
telephotometrically  derived  luminance  contrast  indices  can  be  used  to 
validly  and  reliably  discriminate  between  very  high  and  low  brightnese  . 
contrast  at  a  relatively  short  range.  Single  measures  of  luminance  contrast, 
however,  would  undoubtedly  not  accurately  reflect  intermediate  levels  of 
brightness  contrast  since  the  distributions  of  luminance  contrast  associated 
with  extreme  high  and  low  brightness  contrsst  targets  overlap. 

If  the  distribution  statistics  of  luminance  contrasts  associated  with 
intermediate  brightness-contrast  situations  were  determined,  statistical 
methods  (e.g.,  discriminative  analysis)  mav  be  employed  to  categorize 
medium  brightness  contrast  targets  based  upon  luminance  contrasts.  F.ven 
finer  discrimination  is  posaibls,  though  not  necessarily  practical,  due 
to  the  large  number  of  luminance  measurements  nscaesarv  to  estimate 
distribution  statistics. 

Although  measures  of  luminance  contrast  permit  discrimination  between 
high  and  low  brightness  contrast  targets,  the  luminance  contrast  (x  "  .48) 
tends  to  considerably  underestimate  brightness  contrast  for  high  brightness 
contrast  situations.  It  was  initially  expected  that  if  luminance  contrast 
spproximated  brightness  contrast,  luminance  contrast  for  high  contrast 
targets  should  be  at  least  greater  than  0.8."  It  may  be  that  "bright 


"d.S.  Army  Combat  Developments  Experimentation  Command,  Army  Small  Arms 
Requirements  Study  II.  Project  Analysis.  Port  Ord,  California  93941. 
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B)  High  Brightness  Contrast 
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Figure  1.  Frequency  distributions  of  photonetrlc  target-background  contrast 
Indices;  near  range. 


•pota”  on  th«  tarK«c  Inflated  target  lualnance  naaaurenenta  and  were  thua 
largely  reaponalble  for  the  undereatimate  of  brlghtncaa  contraat  derived 
fro«  lualnance  neaaureaenta .  Adjuetaant  for  dlffarencea  In  the  apectral 
coapoaltlon  of  target  and  background  lualnancea  were  made  ualng  an  internal 
(photoplc)  filter.  Thua,  apectral  effecta  were  probably  minimal. 

Figure  2  preaenta  frequency  dlatrlbut Iona  of  luminance  contraata  at 
the  aid-range  (approxlaately  700  aetera).  Scorea  overlap  to  a  large  extent; 
Indeed,  the  dlatrlbut Iona  of  contraat  Indlcea  for  high  and  for  low  bright- 
neaa  contraat  targeta  are  nearly  Indlatlngulahable.  Telephotonetrlc 
aeaaurea  of  apparent  target-background  contraat  clearly  muat  be  conalder- 
ably  refined  If  thev  are  to  be  of  value  for  targeta  of  anall  angular  alze 
at  moderate  or  long  rangea. 

It  la  probable  that  the  highly  variable  target-background  luminance 
contraat  at  the  mid-range  la  due  to  the  inability  of  photometer  opcratora 
to  aim  their  Inatrumenta  accurately.  If  thla  la  the  caae,  target  luminance 
meaaureaenta  will  be  contaminated  by  background  luminance.  Thua,  target 
and  background  lumlnancea  ahould  be  more  almllar  at  the  mld-rangc  than 
at  the  near  range.  Further,  thla  dlfferance  ahould  be  moat  evident  for 
high  contraat  targeta.  The  raaulta  Indicate  that  target  and  background 
measurementa  of  high  contraat  targeta  were  algnlf leant Iv  more  almllar  at 
the  mid-range  than  at  the  near  range  (t  -  3.55,  p<.01).  The  lack  of  a 
significant  difference  between  near  and  mid-range  luminance  meaaurea  for 
low  contraat  targets  was  probably  due  to  the  similarity  of  actual  target 
and  background  lualnancea  at  both  ranges.  These  data  suggest  that  the 
tclephotometrlc  svstem's  aiming  precision  must  be  improved  if  meaningful 
measurements  are  to  be  made  at  mid-  or  long  ranges.  Even  an  aperture  as 
snail  as  2'  of  arc  may  be  too  large  to  permit  adequately  precise  aiming 
of  a  telephotoneter .  For  example,  at  500  meters,  a  2  minute  aperture 
receives  light  from  a  circle  about  30  cm  In  diameter.  Assuming  a  chest 
width  of  a  personnel  target  to  be  about  35  cm  (approximately  li  In.)  the 
maximum  permissible  aiming  error  without  background  luminance  contamination 
la  leas  than  15  seconds  of  arc. 

The  use  of  conventional  tripod  pan  heads  nav  also  be  a  ma)or  source  of 
aiming  error.  During  tasting.  It  was  observed  that  operators  had  difficulty 
aligning  their  Instruments  with  the  targeta.  A  vernier  (fine  adjustment) 
control  would  heva  been  of  considerable  help  In  this  regard. 

As  Figures  1  and  2  Indicate,  the  reliability  of  photometric  contrast 
Indices  was  poor  at  both  near  and  aid-ranges.  While  instrument /operator 
aiming  errors  are  probably  responsible  for  some  of  the  unreliability,  non- 
unlforalCy  of  target  lualnance  also  probably  accounts  (or  a  substantial 
proportion  of  the  poor  reliability.  Since  any  personnel  target  was  not 
of  uniform  reflectance,  successive  measures  probably  saaplsd  somewhat 
different  portions  of  the  target  lualnancs.  This  is  consistent  with  the 
results,  which  yielded  a  poorer  Intra-class  reliability  coefficient  for 
target  lualnance  (.06)  than  for  background  lualnance  (.62)  at  the  near 
range . 
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B)  High  Brtghtnea*  Contrast 
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Frequency  distribution  of  photcssvtr Ic  targct'background  contrast 
indices;  aild-rangc. 


During  th«  coura*  of  cha  teata,  aavaral  quaatlona  aroaa  reaardlng  tha 
apaclf Icat Ion  of  aaaauraiaant  paranatara.  Idaally,  tha  alza  and  ahapa  of 
tha  araa  for  which  tha  lualnanca  la  to  ba  etaaaurad  ahould  ha  choaan  to 
parallal  laportant  paraaatara  of  tha  vlaual  ayataa.  Thua,  for  axampla, 
background  lualnanca  naaauraa  alght  aora  cloaaly  parallal  vlaual  ayataa 
function  If  tha  araa  aaaaurad  wera  roughly  circular  and  about  tha  aana 
angular  dlaaatar  aa  tha  cantral  fovaa.  In  anv  caaa,  tha  dataralnat Ion  of 
optimal  aaaauraaant  paraaatara  la  an  laaua  which  raqulraa  furthar  atudy 
and  la  a  alnlaua  praraqulalta  to  praclaa  photoiaatrlc  aatlmatlon  of  targat- 
background  brlghtnaaa  contraat.  In  addition,  tha  naaauramant  paraaatara 
apaclflad  lauat  ba  within  tha  operational  conatralnta  of  tha  photometric 
Inatruaant.  For  axampla,  tha  Gaona  Modal  2000  telaphotonatara  uaad  In  tha 
praaant  teat  ware  only  capable  of  aaaaurlng  lumlnancaa  of  circular  araaa 
and  of  a  Halted  number  of  angular  dlaaatara.  Thla  may  prove  a  malor 
difficulty  In  achieving  adequate  operational  control  of  maaauramant 
paraaatara . 


Tha  raaulta  of  tha  pilot  teata  Indicate  that  maaauramant  reliability 
la  a  aarloua  problem  In  field  altuatlona.  I’nlaaa  rallabllltv  can  be 
graatlv  Improved,  tha  uaafulnaaa  of  talaphotomatrlc  luminance  data  aaama 
limited. 


Sot  only  waa  aaaauremant  rallablllty  poor,  but  tha  failure  rate  of 
tha  inatrumant  waa  high.  It  ahould  ba  noted  that  In  tha  current  ntata 
of  development,  telephotoaetera  are  baalcallv  laboratory  Inatrumenta 
daalgnad  to  be  uaed  In  altuatlona  where  duat,  molatura,  and  temperature 
are  \/all  controlled.  If  thaae  Inatrumenta  are  to  be  uaed  In  field  experl 
mantal  altuatlona,  stapa  muat  ba  takan  to  minimize  duat  and  molatura,  and 
to  enaure  that  operating  tamperaturaa  are  within  acceptable  llmlta. 
Othervlae,  a  high  rata  of  Inatrument  failure  muat  be  anticipated. 


CONCHtSIOSS 


It  ahould  be  atreaaed  that  the  teat  altuatlon  waa  eatabllahed  to  be 
aa  reallatlc  aa  poaalble.  The  aourcea  of  variability  dlacuaaed  here  are 
almoat  certainly  thoaa  which  would  be  of  malor  practical  algnlftcance  In 
any  field  altuetlon  employing  talaphot one trie  luminance  neaaurea  to 
aatlmate  brlghtneaa. 


The  purpoaa  of  thin  mamorandifli  haa  been  to  note  none  of  the  factora 
which  mav  be  Important  In  eatlnatlng  target-background  brlghtneaa  contraat 
The  factora  mentioned  are  not  Intended  to  be  eidxauattva.  Onlv  thoaa 
which  wore  thought  likely  to  have  a  malor  practical  Impact  on  brlghtneaa 
contraat  aatlnation  have  bean  dlacuaaed.  Other  factora  (c.g.,  angular 
target  velocity)  may  alao  partially  datamlna  brlghtnaaa  contraat  but 
may  not  be  of  practical  algnlflcanca.  Clearly,  accurate  catlmatlon  of 
brlghtneaa  contraat  la  a  complex  affair  and  raqulraa  conalderabla  data  In 
addition  to  luminance  valuaa.  The  relative  Importance  of  theae  factora 
ahould  be  determined  In  order  to  properly  weight  tha  luminance  valuea 


obtained  In  varloua  altuatlona.  Sona  of  thasa  (lllviBlnatlon  laval,  apac- 
tral  charactarlatlca,  and  angular  targat  alsa)  may  ba  auscaptlbla  to  a 
fairly  atralghtforward  analvala,  whlla  othara  (glare  and  retinal  location) 
are  llkelv  to  require  a  concentrated  and  complex  reaearch  effort. 

In  any  caaa,  the  reliability  of  luminance  maaaurement  in  field 
altuatlona  muet  be  aubatantlally  Improved  If  thaae  meaaurea  are  to  be 
uaed  aa  a  baala  for  eatlmatlng  brlghtnaaa  contraat.  Moreover,  the  teat 
reaulta  atronglv  auggeat  that  If  meaaurea  are  to  be  made  of  anall  targeta 
(e.g.,  peraonnal)  at  moderate  to  long  rangea,  aone  alterationa  to  Improve 
aiming  accuracy  will  be  neceaaary. 

Finally,  a  liualnance  meaaurement  avatam  capable  of  reliably  and 
accurately  meaaurlng  lumlnancaa  In  operational  altuatlona  ahould  be 
developed.  A  variety  of  paychophvalcal  technlquea  for  determining 
perceived  etlmulua  magnitudea  are  already  available.  If  the  Impact  of 
target-background  brlghtneaa  contraat  on  target  acqulaltlon  la  to  be 
Inveat Igatad ,  It  will  be  naceaaarv  to  determine  the  relation  between 
brlghtneaa  and  luminance  contraat  In  field  contexta  and  alao  to  determine 
the  Influence  of  other  factora  on  thla  relation.  It  la  auggeated,  there¬ 
fore,  that  a  reaearch  program  be  Initiated  to  develop  a  meaaurenent  ayatem 
capable  of  reliably  and  accuratelv  eatlmatlng  target-background  brlghtneaa 
contraat . 


